Plain Language Summary {#Sec1}
======================

The phase III clinical trial reported here compared two similar basal insulin products, namely, Lilly insulin glargine (Basaglar^®^) and a reference insulin glargine product (Lantus^®^), used to treat patients with type 2 diabetes. Some patients were using basal insulin prior to entry, and others were insulin naïve. The main racial groups were Asian (48% of the study population), White (46%), and African American (6%). Patients were recruited from India, Korea, Taiwan, Russia, Turkey, the USA, and Puerto Rico. Efficacy and safety measures were acquired over 24 weeks. The main efficacy measures evaluated blood glucose, including glycated hemoglobin, an indicator of blood glucose levels over approximately 3 months, and self-monitored blood glucose taken at several time points over the course of the day. Safety measures included incidence and rate of low blood sugar, incidence of adverse events, and incidence and levels of insulin antibodies. Dose and weight assessments were also obtained. In general, the two treatments provided similar results for these measures. Only one result showed a statistically significant difference between treatments, namely, the reduction in premorning meal self-monitored blood glucose was greater in patients on Lantus^®^ at 24 weeks. To further evaluate this finding, we analyzed treatment effects on this measure across different sets of patient subgroups. No significant differential treatment effects were observed. Considering this and other results, the difference was not expected to be clinically meaningful. Findings from this study extend the body of evidence from other trials supporting the similarity of these two insulin glargine products.

Introduction {#Sec2}
============

Clinical guidelines recommend introduction of a basal insulin as an effective strategy for initiating insulin therapy in type 2 diabetes (T2D) when patients fail to meet glycemic goals using non-insulin antihyperglycemic agents \[[@CR1]--[@CR3]\]. Basal insulins should provide relatively constant blood levels sufficient to suppress hepatic glucose output between meals and during the night \[[@CR4]\]. Long-acting basal insulin analogs were developed several years ago to overcome the deficiencies of conventional basal insulin therapy and more closely mimic endogenous basal insulin secretion \[[@CR4]\]. Insulin glargine (IGlar; Lantus^®^, Sanofi-Aventis, Paris, France), the first long-acting basal insulin analog, became available in 2000 and continues to be an important treatment option for people with diabetes \[[@CR4]\]. Compared with neutral protamine Hagedorn (NPH), IGlar has demonstrated less variability and a more prolonged duration of action (up to 24 h) with a more even concentration--time profile \[[@CR4]--[@CR6]\]. Clinically, this has allowed once-daily (QD) dosing in most patients and resulted in a lower risk of hypoglycemia \[[@CR7]--[@CR12]\].

In 2014, Lilly insulin glargine (LY IGlar; Basaglar^®^, Eli Lilly and Company, Indianapolis, IN, USA and Boehringer Ingelheim, Ingelheim am Rheim, Germany) received marketing authorization in the European Union as the first biosimilar insulin product \[[@CR13]\], which was followed by approvals in Japan \[[@CR14]\] and the USA \[[@CR15]\] under the appropriate pathways. Protein-derived biosimilars or follow-on biologics, such as insulins, are highly similar versions of previously approved biopharmaceuticals with an amino acid sequence (primary protein structure) that is identical to that of the corresponding reference product. Their development may reduce costs and increase patient access to such therapies. Because of the nature of protein drugs, complex manufacturing processes are utilized, and differences in these processes can affect the final products \[[@CR16], [@CR17]\]. Thus, nonclinical and clinical studies comparing similar biologics with their reference products must demonstrate similar structural and functional characteristics and clinically similar outcomes, as required by regulatory agencies \[[@CR18]--[@CR23]\]. Several such studies were conducted as part of the LY IGlar development program \[[@CR24]--[@CR33]\]. Assessment of outcome effects across different racial backgrounds and clinical characteristics, such as prior insulin exposure, is also important as further characterization of the extent of effect comparability. Herein we report results from a phase III clinical trial (ELEMENT 5) that compares the efficacy and safety of LY IGlar and IGlar in a T2D population with expanded Asian participation and on additional basal insulin background therapies compared with that from an earlier study \[[@CR26]\].

Methods {#Sec3}
=======

Study Design and Patients {#Sec4}
-------------------------

ELEMENT 5 was a phase III, prospective, multinational, multicenter, two-arm, active-control, open-label, parallel assignment, randomized controlled trial (RCT) in patients with T2D, which was conducted from December 2014 to July 2016 in India, Korea, Taiwan, Russia, Turkey, the USA, and Puerto Rico. The primary objective was to determine whether LY IGlar is noninferior to IGlar (both administered QD in combination with oral antihyperglycemic medications \[OAMs\]), as measured by change in glycated hemoglobin A1c (HbA1c) over the treatment period. The trial consisted of a screening visit (approximately 2 weeks prior to randomization), randomization visit (week 0), 24-week treatment period (clinic visits at 2, 4, 8, 12, 16, 20, and 24 weeks), and a post-treatment-period telephone follow-up visit after approximately 4 weeks (Electronic Supplementary Material \[ESM\] Fig. S1). The study was conducted in accordance with the International Conference on Harmonisation Guidelines for Good Clinical Practice and the Declaration of Helsinki \[[@CR34]\]. The protocol was approved by the appropriate ethics review boards, and all patients provided written informed consent.

Eligible participants had T2D and were ≥ 18 years of age with a body mass index (BMI) of ≤ 45 kg/m^2^. The study included both insulin-naïve patients (HbA1c ≥ 7% and ≤ 11%) and patients on basal insulin (HbA1c ≤ 11%), all taking ≥ 2 OAMs. Allowed prior basal insulin therapy included NPH or insulin detemir (IDet), administered either QD or twice daily (BID), or IGlar, administered QD. Recent use of insulins other than those mentioned, pramlintide, or chronic systemic glucocorticoid therapy (within approximately 30 days) or of glucagon-like peptide-1 receptor agonists or biosimilar IGlar products (within 90 days) was not allowed. Additionally, patients with significant cardiac or gastrointestinal disease, a history or diagnosis of human immunodeficiency virus infection, active/recent (within 5 years) cancer (excluding basal cell carcinoma or carcinoma in situ), or evidence of liver disease were excluded. Other exclusion criteria included excessive insulin resistance (i.e., insulin dose ≥ 1.5 units/kg/day), \> 1 episode of severe  hypoglycemia in the previous 6 months, and hypersensitivity or allergy to IGlar or its excipients.

Randomization to LY IGlar or IGlar treatment was stratified by country, HbA1c level at screening (\< 8.5%, ≥ 8.5%), sulfonylurea (SU) use (yes, no), and prestudy basal insulin use (yes, no). Treatment assignments were managed using an interactive web response system. Treatments were administered QD (a.m. or p.m.) with continued administration at the same time each day. The starting dose for insulin-naïve patients was 10 units/day. For patients on prestudy basal insulin, the starting dose was the same as the QD basal insulin dose or 80% of the BID dose. Patients self-titrated with insulin thereafter, adding 1 unit/day until fasting plasma glucose (FPG) levels reached ≤ 5.6 mmol/L \[[@CR35]\]. Most insulin dose adjustments were expected to occur during the first 12 weeks of the study (titration period). Prestudy OAMs were continued as prescribed through week 24. The insulin or SU dose could be adjusted for safety concerns.

Outcomes {#Sec5}
--------

The primary outcome was the change in HbA1c from baseline to 24 weeks of treatment. The change in HbA1c from baseline to weeks 4, 8, 12, 16, and 20 was a secondary outcome. HbA1c analyses were performed by Covance (Princeton, NJ, USA) at regional centers. Other secondary efficacy measures included the percentage of patients achieving HbA1c target levels of \< 7% and ≤ 6.5% and 7-point self-monitored blood glucose (SMBG) assessments (premeal for each meal, 2-h postmeal for morning/mid-day meals, bedtime, and 3 a.m.). Commercially available glucometers (Roche Accu-Chek^®^ Performa; Roche, Indianapolis, IN, USA) were provided for SMBG measurements. Other secondary outcomes included basal insulin dose (units/day and units/kg/day), weight, BMI, and intrapatient variability (measured as FPG standard deviation \[SD\]). A health outcomes assessment of patient satisfaction was conducted using the Insulin Treatment Satisfaction Questionnaire (ITSQ) \[[@CR36]\].

Clinical chemistry and hematology assessments were performed at screening and week 24. Adverse events (AEs) were recorded at every visit and summarized as treatment-emergent AEs, defined as postrandomization events either newly reported or increasing in severity. Their relatedness to the study drug was determined by the investigator. Injection site AEs were evaluated through patient responses to the Skin Evaluation Questionnaire and Insulin Questionnaire: Injection Sites. These AEs were assessed for factors associated with the injection (pain, pruritus, and rash) and injection site characteristics, including lipohypertrophy, hemorrhage, or induration. Allergic events were characterized according to a prespecified list of allergic reaction terms by blinded review of reported episodes. Immunogenicity was determined by the proportion of patients with measurable anti-insulin antibodies and by antibody levels (percentage binding). Immunogenicity samples were analyzed at Eurofins Pharma Bioanalytics (St. Charles, MO, USA).

Categories of hypoglycemia were assessed as incidences (number/proportion of patients with ≥ 1 event) and annualized rates (events/person/year). A hypoglycemic episode was defined as any event associated with signs or symptoms of hypoglycemia or measured blood glucose (BG) ≤ 3.9 mmol/L. Total  hypoglycemia included all such events. Nocturnal hypoglycemia was defined as any hypoglycemic episode, as defined above, that occurred after bedtime and prior to the first meal upon waking. Documented symptomatic hypoglycemia was any confirmed event (BG ≤ 3.9 mmol/L) accompanied by signs/symptoms of  hypoglycemia. Severe hypoglycemia was defined as any hypoglycemic event accompanied by neurologic (cognitive) impairment requiring assistance from another person (with or without a BG measurement). Severe hypoglycemia episodes were reported as serious AEs (SAEs).

Statistical Analyses {#Sec6}
--------------------

Calculation of the sample size was based on the primary outcome, namely, HbA1c change from baseline at 24 weeks. An estimated 209 completers per arm (418 total) were needed to show noninferiority of LY IGlar to IGlar at the 0.4% noninferiority margin (NIM), assuming no treatment difference between comparators, an SD of 1.1%, a two-sided significance level of 0.05, and 95% power. With an estimated 15% dropout rate at 24 weeks, the study required 492 randomized patients (246 per arm).

All analyses were conducted using SAS^®^ version 9.2 (SAS Institute, Cary, NC, USA). Efficacy and safety analyses were conducted on the full analysis set (FAS), a modified intent-to-treat population comprising all randomized patients who took ≥ 1 dose of the assigned study drug. Unless otherwise stated, all analyses of treatment effects used the two-sided alpha level of 0.05 and corresponding 95% confidence intervals (CIs).

The primary endpoint was evaluated using the mixed model repeated measures (MMRM) method with change from baseline in HbA1c as the dependent variable and treatment (LY IGlar, IGlar), pooled country, basal insulin at entry (yes/no), SU use (yes/no), visit, and interaction between visit and treatment as fixed effects. The baseline HbA1c level was a covariate, and patient was a random effect. Noninferiority of LY IGlar to IGlar, the primary objective, was demonstrated if the upper limit of the 95% CI for the difference (LY IGlar − IGlar) in HbA1c change from baseline to 24 weeks was below + 0.4% (NIM). A key secondary analysis assessed noninferiority of IGlar to LY IGlar at the NIM of − 0.4%. If both noninferiority criteria were met, LY IGlar was considered to have equivalent efficacy to IGlar. Noninferiority of LY IGlar to IGlar for the same measure was then further analyzed by a second gated test within the subgroup of patients on prestudy IGlar. The family-wise Type 1 error rate was controlled at a one-sided 0.025 level using this gate-keeping procedure.

Analyses of other continuous secondary outcomes, including SMBG values, weight, insulin dose, and ITSQ results, used the same MMRM model that was used for the primary analysis with the baseline value of the response variable added as a covariate (FAS population). Continuous laboratory measures were analyzed using the analysis of covariance (ANCOVA) model. Comparisons of categorical variables used either Fisher's exact test or Pearson's Chi-square test. The rate of hypoglycemic episodes per person per year (total, nocturnal, documented symptomatic, and severe) was analyzed using the Wilcoxon rank-sum test. The percentage insulin antibody binding analysis also used the Wilcoxon rank-sum test, and analyses of the relationship between insulin antibody levels and clinical outcomes used a last-observation-carried-forward ANCOVA method whereby a significant treatment-by-insulin antibody interaction was used to indicate a potential differential treatment effect (ESM File S1). Post hoc analyses of treatment effects on FPG across several distinct sets of subgroups defined by prespecified baseline characteristics used an MMRM model with treatment, pooled country, basal insulin at entry (yes/no), SU use (yes, no), visit, subgroup, subgroup-by-treatment interaction, subgroup-by-visit interaction, treatment-by-visit interaction, and visit-by-subgroup-by-treatment interaction as fixed effects; the baseline values of FPG and HbA1c as covariates; and a random effect for patient for the FAS population.

Results {#Sec7}
=======

Patients {#Sec8}
--------

More than 90% of randomized patients (455/493) completed the 24-week treatment period; patient decision was the most common reason for discontinuation (ESM Fig. S2). Baseline demographics and clinical characteristics were balanced between arms (Table [1](#Tab1){ref-type="table"}). The population was predominantly Asian (48%) or White (46%), in contrast to the earlier ELEMENT 2 T2D trial (Asian, 9% and White, 78%) \[[@CR26]\]. The mean duration of diabetes was 12 years. Of the patients on prestudy basal insulin, 63% were taking IGlar (all QD), which was the only prestudy insulin used in the ELEMENT 2 trial. Other prestudy insulins included IDet (22%) and NPH (15%), which were primarily administered QD (\< 10% administered BID). A minority of patients were insulin naïve (45%), and a majority (84%) were taking a SU in combination with one or more additional OAMs. Mean age, HbA1c level, and BMI were 57.4 years, 8.6%, and 29.0 kg/m^2^, respectively.Table 1Baseline demographics and clinical characteristics of study populationBaseline demographics and clinical characteristicsTreatment arm^a^LY IGlar (*N * = 249)^b^IGlar (reference insulin product) (*N* = 244)^b^Age, mean (years)58 (9)57 (10) \< 65 years, *N* (%)198 (80)190 (78)Male, *N* (%)131 (53)126 (52)Race, *N* (%) American Indian or Alaska Native1 (0)0 Asian116 (47)118 (48) Black or African American15 (6)15 (6) Multiple2 (1)1 (0) White115 (46)110 (45)Body weight (kg)81 (17)78 (19)BMI (kg/m^2^)29 (5)29 (5)HbA1c (%)8.66 (1.09)8.56 (1.02)Entry HbA1c, *N* (%) \< 8.5%115 (46)121 (50) \< 7.0%13 (5)10 (4)FPG^c^ (mmol/L)8.36 (2.39)8.36 (2.31)Duration of diabetes (years)12 (6)12 (6)Insulin naïve, *N* (%)113 (45.4)110 (45.1)Basal insulin, *N* (%)^d^ IGlar88 (65)83 (62) Insulin detemir29 (21)30 (22) NPH insulin19 (14)21 (16)Frequency of basal insulin injection, *N* (%)^d^ Daily (IGlar, NPH, or insulin detemir)127 (93)125 (93) Twice daily (NPH or insulin detemir)9 (7)9 (7)Time of basal insulin injection, *N* (%) Daytime99 (40)96 (39) Evening/bedtime150 (60)148 (61)Sulfonylurea use, *N* (%)207 (83)207 (85)Data are shown as the mean with the standard deviation in parentheses (SD), unless otherwise indicated*BMI* Body mass index, *FPG* fasting plasma glucose, *HbA1c* hemoglobin A1c, *IGlar* insulin glargine (Lantus), *LY IGlar* Lilly insulin glargine, *NPH* neutral protamine Hagedorn, *SD* standard deviation, *SMGB* self-monitored blood glucose^a^*P*\> 0 .05 for all treatment comparisons^b^Full analysis set, *N* values reflect maximum sample size^c^By SMBG assessments (SMBG whole blood samplings were recorded as plasma-equivalent glucose values)^d^Calculations are based on the number of patients on basal insulin at entry (LY IGlar, 136; IGlar, 134)

Glycemic Responses {#Sec9}
------------------

Both the primary objective, noninferiority of LY IGlar to IGlar, and the key secondary efficacy objective, noninferiority of IGlar to LY IGlar, were achieved (NIM ± 0.4%; Table [2](#Tab2){ref-type="table"}; Fig. [1](#Fig1){ref-type="fig"}a). Consequently, LY IGlar and IGlar were considered to have equivalent efficacy. Least squares (LS) mean reductions in HbA1c at 24 weeks were − 1.25% for LY IGlar and − 1.22% for IGlar (difference − 0.04%; 95% CI − 0.22%, 0.15%). Both treatment groups demonstrated statistically significant HbA1c reductions from baseline, beginning at week 4 and continuing through week 24 (*P*\< 0.001; Fig. [1](#Fig1){ref-type="fig"}b). In a gated analysis used to control the Type 1 error rate, LY IGlar and IGlar also showed similar LS mean HbA1c reductions from baseline at 24 weeks in a subgroup of patients on prior IGlar therapy (LY IGlar − 0.91% \[*N* = 81\] and IGlar − 0.81% \[*N * = 80\]; *P* = 0.46). The same was true of the other subgroups associated with this analysis, including a subgroup of patients on insulins other than IGlar at baseline and an insulin-naïve subgroup (24-week LS mean HbA1c reductions for LY IGlar and IGlar, respectively: − 0.93% \[*N* = 43\] and − 1.03% \[*N* = 47\], *P *= 0.61 \[non-IGlar insulin treated\]; − 1.67% \[*N * = 102\] and − 1.64% \[*N* = 96\], *P * = 0.84 \[insulin naïve\]). No differential treatment effects were observed across these subgroups (i.e., treatment-by-subgroup interactions). Additionally, the proportions of patients who achieved the HbA1c targets of \< 7% or ≤ 6.5% at 24 weeks were similar (*P *\> 0.05) between treatment groups (Table [2](#Tab2){ref-type="table"}).Table 2Key efficacy, safety, and patient-reported outcomesOutcomesTreatment arm^a^LY IGlar (*N* = 249)^b^IGlar (*N* = 244)^b^HbA1c (%) 24 weeks7.36 (0.07)7.39 (0.07) Change from baseline− 1.25 (0.07)− 1.22 (0.07) LS mean difference (95% CI)− 0.04 (− 0.22, 0.15)Target HbA1c, *N* (%) \< 7.0%83 (36.7)88 (39.5) ≤ 6.5%48 (21.2)44 (19.7)FPG^c^ (change from baseline; mmol/L)− 2.37 (0.08)− 2.69 (0.08)Variability^d^ (mmol/L)0.81 (0.05)0.79 (0.05)Basal insulin dose U/day49.8 (2.2)49.7 (2.2) U/kg/day0.58 (0.02)0.61 (0.02)Weight (change from baseline; kg)+ 2.3 (0.3)+ 1.7 (0.3)Patient-reported outcomes^e^ Insulin delivery device82.1 (1.3)82.0 (1.3) Glycemic control82.1 (1.4)81.3 (1.4) Lifestyle flexibility72.4 (1.8)70.9 (1.8) Hypoglycemic control76.2 (1.5)76.5 (1.5) Inconvenience of regimen84.8 (1.3)84.9 (1.3) Overall score80.0 (1.1)79.8 (1.1)Hypoglycemia rate^f^ (overall^g^; events/patient/year), mean (SD) Total (≤ 3.9 mmol/L)17.0 (23.4)23.4 (35.8) Nocturnal (≤ 3.9 mmol/L)6.6 (11.7)7.9 (17.9) Severe0.00 (0.0)0.02 (0.2)Patients with detectable antibodies (overall^g^), *N* (%)68 (29.1)66 (27.6)Percentage Insulin antibody binding, median1.900.80Data are shown as the least squares (LS) mean with the standard error in parentheses (SE) at 24 weeks, unless otherwise indicatedThe number of severe events was too low to compute a *P* value. Analyses were based on a mixed model repeated measures, with the exception of the following: (1) comparisons of HbA1c targets and patients with detectable antibodies, which used either Fisher's exact or Pearson's Chi-square test; (2) comparisons of total and nocturnal hypoglycemia rates and percentage insulin antibody binding, which used the Wilcoxon rank-sum test*CI* confidence interval, *FPG* fasting plasma glucose, *HbA1c* glycated hemoglobin A1c, *IGlar* insulin glargine (Lantus), *ITSQ* Insulin Treatment Satisfaction Questionnaire, *LS* least squares, *LY IGlar* Lilly insulin glargine, *SD* standard deviation, *SMBG* self-monitored blood glucose^a^*P*\> 0.05 for treatment comparisons, with the exception of FPG (*P*= 0.007)^b^Full analysis set, *N* values reflect maximum sample size^c^By SMBG assessments (SMBG whole blood samplings were recorded as plasma-equivalent glucose values)^d^Measured as premorning meal SD^e^Patient-reported outcomes were derived from the ITSQ. Raw domain and overall scores from the ITSQ were translated to a 0--100 scale (higher score indicates better treatment satisfaction)^f^Definitions of hypoglycemia: total hypoglycemia, events with signs/symptoms of hypoglycemia or blood glucose ≤ 3.89 mmol/L; nocturnal hypoglycemia, any such event that occurs after bedtime and before the first meal upon waking; severe hypoglycemia, a hypoglycemic event accompanied by neurologic (cognitive) impairment and requiring the assistance of another person (with or without a blood glucose measurement)^g^Measured for the overall 24-week treatment period Fig. 1**a** Change in glycated hemoglobin A1c (*HbA1c*) from baseline at 24 weeks, **b** HbA1c from baseline to 24 weeks, **c** 7-point self-monitored blood glucose (*SMBG*) at baseline and 24 weeks (reported as plasma-equivalent glucose values), **d** fasting plasma glucose (*FPG*) over 24 weeks. Data are shown as the least squares mean (*LSM*) with the standard error. Analyses are based on a mixed model repeated measures. *CI* Confidence interval, *IGlar* insulin glargine (Lantus), *LSM Diff* least squares mean difference, *LY IGlar* Lilly insulin glargine, *PPG* postprandial glucose. Asterisk indicates *P*\< 0.05 for between-treatment difference

Both treatment groups showed improved LS mean SMBG levels for all seven time points over the 24-h period at 24 weeks (Fig. [1](#Fig1){ref-type="fig"}c). These results, including the SMBG daily mean, showed no statistically significant differences between treatments, with the exception of the LS mean difference in the premorning-meal SMBG (FPG) change from baseline (0.32 mmol/L; 95% CI 0.09, 0.55; *P * = 0.007; actual LS mean \[standard error {SE}\] FPG values: LY IGlar 5.96 \[0.08\] mmol/L and IGlar 5.65 \[0.08\] mmol/L; Fig. [1](#Fig1){ref-type="fig"}d). No significant differences in FPG results were observed at other visits over the course of the study. Post hoc analyses were conducted to compare LY IGlar and IGlar treatment effects on FPG change from baseline at 24 weeks across several distinct sets of patient subgroups to further probe this finding. Results from these analyses showed no significant differential treatment effects (ESM Table S1). Additionally, at 24 weeks, no differences were observed between treatment groups in premorning-meal intrapatient BG variability, as assessed by the standard deviation (Table [2](#Tab2){ref-type="table"}).

Basal Insulin Dose and Body Weight {#Sec10}
----------------------------------

Significant increases from baseline in basal insulin dose were observed for both treatment groups at 24 weeks (LS mean \[SE\]: LY IGlar 29.0 \[2.2\] units/day; IGlar 28.9 \[2.2\] units/day; *P *\< 0.001, both arms), and these increases were similar between arms (*P *= 0.99). Additionally, similar increases in LS mean weight for LY IGlar and IGlar were seen at 24 weeks (Table [2](#Tab2){ref-type="table"}).

Hypoglycemia {#Sec11}
------------

Two severe hypoglycemia episodes were reported during the study, which involved two patients in the IGlar arm. Mean annualized rates of total and nocturnal hypoglycemia over 24 weeks were similar between treatments (Table [2](#Tab2){ref-type="table"}), as were the rates for documented symptomatic hypoglycemia (mean \[SD\]: LY IGlar 10.2 \[17.7\]; IGlar 13.1 \[22.1\]; *P *= 0.35). Additionally, no statistical differences between arms were observed for overall incidence of total hypoglycemia (LY IGlar 69%; IGlar 69%; *P *= 0.92), nocturnal hypoglycemia (LY IGlar 50%; IGlar 46%; *P *= 0.47), or documented symptomatic hypoglycemia (LY IGlar 56%; IGlar 57%; *P *= 0.93).

Adverse Events {#Sec12}
--------------

Adverse events, including allergic reactions, reported during the 24-week treatment period are summarized in Table [3](#Tab3){ref-type="table"}. Similar incidences of AEs, including potentially treatment-related AEs, and SAEs were observed in the LY IGlar and IGlar arms. The most frequently reported AEs were nasopharyngitis (8.5%) and upper respiratory tract infection (3.9%). The incidence of allergic reactions was similar between treatment groups, and most events were mild or moderate in severity. One death occurred, which was not considered by the investigator to be related to the study drug or study procedures. The patient, a 69-year-old man on IGlar, experienced an SAE of cardiogenic shock with a fatal outcome at week 3. His medical history included T2D with prior IGlar use, hyperlipoproteinemia, hypertension, and arrhythmia.Table 3Adverse events and allergic reactionsAdverse events^a^Treatment arm^b^LY IGlar (*N* = 249)^c^IGlar (*N* = 244)^c^Deaths01 (\< 1)SAEs10 (4)12 (5)Discontinuations due to an AE^d^1 (\< 1)1 (\< 1)Injection site AE6 (2)9 (4)Injection site AE possibly related to study drug6 (2)6 (3)TEAEs110 (44)123 (50)TEAE possibly related to study drug24 (10)18 (7)TEAE possibly related to study procedure2 (1)5 (2)TEAE possibly related to diabetes2 (1)3 (1)Special topic assessment of allergic reactions Pruritus, urticaria, rash^e^3 (1)3 (1) Arthralgia, periarthritis3 (1)8 (3) Injection site (pruritus, rash)4 (2)2 (1) Hypersensitivity, drug hypersensitivity1 (\< 1)2 (1) Asthma1 (\< 1)1 (\< 1)Data are shown as the number of patients with ≥ 1 event with the percentage in parentheses*AE* adverse event, *IGlar* insulin glargine (Lantus), *LY IGlar* Lilly insulin glargine, *SAE* serious AE, *TEAE* treatment-emergent AE^a^Patients may be counted in more than 1 category^b^*P*\> 0.05 for all treatment comparisons (computed using Fisher's exact test)^c^Full analysis set, *N* values reflect maximum sample size^d^One patient discontinued treatment due to moderately severe hypersensitivity, which was assessed as being related to study drug by the investigator (LY IGlar group); the other discontinued due to non-treatment-related chronic myeloid leukemia (IGlar group)^e^Includes generalized and macular rash

Insulin Antibodies {#Sec13}
------------------

The overall proportions of patients with detectable insulin antibodies were similar between treatment groups (Table [2](#Tab2){ref-type="table"}). Additionally, the median insulin antibody percentage binding in the LY IGlar group was similar to that in the IGlar group at baseline and at weeks 4, 12, and 24 (all patients, Fig. [2](#Fig2){ref-type="fig"}). For patients with detectable insulin-antibody levels at endpoint, there were no significant treatment-by-endpoint insulin antibody level interactions for HbA1c (*P *= 0.22), insulin dose (*P *= 0.92), or total hypoglycemic events (*P *= 0.87), indicating no significant correlation between these outcomes and antibody levels.Fig. 2Percentage binding of detectable anti-insulin glargine antibodies over 24 weeks (all patients with detectable antibodies). Data are shown as the median with the 25th, 75th percentiles. *P* values for treatment comparisons are derived from the Wilcoxon rank-sum test. Data points are slightly offset along the *X*-axis to avoid overlapping error bars. *IGlar* insulin glargine (Lantus), *LOCF* Last observation carried forward, *LY IGlar* Lilly insulin glargine, *n* number of patients with detectable insulin antibodies

Laboratory Assessments {#Sec14}
----------------------

No clinically meaningful changes from baseline in any laboratory values were identified within or between groups at 24 weeks (data not shown).

Patient-Reported Outcomes {#Sec15}
-------------------------

In the FAS population, no differences in patient-reported health outcomes between treatment groups were identified, as determined from responses to the ITSQ. Specifically, LS mean overall scores at any visit and scores for each domain, including those for glycemic control, lifestyle flexibility, hypoglycemic control, and inconvenience, were similar for the LY IGlar and IGlar treatment arms (Table [2](#Tab2){ref-type="table"}).

Discussion {#Sec16}
==========

ELEMENT 5 was the second of two phase III clinical trials comparing the efficacy and safety of LY IGlar to IGlar used in combination with OAMs in patients with T2D. The results from this study are particularly relevant for Asian patients with T2D, who were largely represented in the study population of ELEMENT 5, in contrast to the earlier T2D trial (ELEMENT 2) \[[@CR26]\]. Also, patients on basal insulins other than IGlar were included in the present analysis. Outcomes between treatments were generally consistent with the overall findings from the initial T2D study \[[@CR26]\] and those from a related study in patients with type 1 diabetes (ELEMENT 1) \[[@CR24]\]. Both of the earlier studies were phase III, parallel assignment RCTs. ELEMENT 1 was a 52-week study involving 535 patients with baseline HbA1c of ≤ 11%. ELEMENT 2 was a 24-week study involving 756 insulin-naïve (baseline HbA1c of ≥ 7% and ≤ 11%) or IGlar-treated (baseline HbA1c of ≤ 11%) patients on ≥ 2 oral antihyperglycemic medications with a target FPG the same as that of the current study (≤ 5.6 mmol/L). Both ELEMENT 1 and ELEMENT 5 had open-label designs, which accommodated presentation of the treatment and reference products using the associated prefilled pen devices. ELEMENT 2, on the other hand, employed double-blind masking using syringes and vials concealed by a container closure assembly. All three studies met their primary endpoint, noninferiority of LY IGlar to IGlar, and also demonstrated equivalent significant HbA1c reductions and similar safety profiles between treatments with no apparent clinically meaningful differences. The current findings further support similarity between these biological drug substances, as explained in regulatory guidance \[[@CR20], [@CR21]\].

Compared with ELEMENT 2, the current study included a broader Asian population. Asian patients represent a large global proportion of patients with T2D, as evidenced in the recent International Diabetes Federation (IDF) Diabetes Atlas showing that China and India lead the rankings for the number of adults with diabetes (114 million and 73 million, respectively), followed by the USA (30 million). Moreover, India reportedly has the highest projected growth in this age group over the selected interval (2017--2045) (\> 60 million vs. 5.4 million people \[China and the USA\]) \[[@CR37]\]. Distinct characteristics of Asian versus non-Asian patients with T2D include a lower BMI with greater adiposity or visceral fat relative to BMI and younger age of onset with increased insulin resistance and/or impairment in insulin secretory function, the relative contributions of which can vary among Asian subpopulations \[[@CR38]--[@CR41]\]. Moreover, Asians have an increased risk of particular microvascular and macrovascular complications, which can also vary regionally \[[@CR38]--[@CR41]\]. Because of interethnic differences in the pathophysiology of T2D and its high prevalence in Asian populations, it is important to study the effects of antihyperglycemic therapies in Asian patients. Three recent publications have reviewed and/or analyzed previously reported IGlar treatment results in Asian patients from multiple RCTs or from a combination of RCTs and real-world data \[[@CR42]--[@CR44]\]. These studies suggest the need for timely initiation of basal insulin \[[@CR42], [@CR44]\] or a combination of basal insulin/prandial therapy (i.e., incretin mimetics or rapid-acting insulin) \[[@CR43]\] in Asian patients with T2D.

ELEMENT 5 included Asian patients from India, Korea, and Taiwan (representative of South and East Asian populations), and the results indicate that these demographic differences did not contribute to meaningful differential clinical outcomes between treatments in the overall population. Efficacy results, including HbA1c reduction and proportions of patients reaching prespecified HbA1c targets, were similar between treatments and occurred at similar dose levels.

Efficacy outcomes can be informally compared across the racially distinct overall populations of the different ELEMENT T2D studies. These comparisons reveal somewhat higher HbA1c values at the endpoint with less reduction from baseline and lower percentages of patients achieving HbA1c targets in both ELEMENT 5 treatment groups. These findings parallel corresponding results for Asian patients with T2D from recent insulin-initiation studies, including a meta-analysis of Asian versus non-Asian adults initiating IGlar therapy \[[@CR43]\] and a comparison of East Asian, Asian Indian, and non-Asian subgroups from the PARADIGM insulin initiation and intensification study \[[@CR45]\]. ELEMENT 5 also included a lower percentage of insulin-naïve patients than ELEMENT 2 (45 vs. 60%, respectively). This may further influence efficacy outcomes, as shown in ELEMENT 2, in which insulin-naïve subgroups had lower HbA1c, a greater reduction from baseline, and more patients, percentage-wise, achieving HbA1c targets at endpoint as compared numerically with prior IGlar-treated subgroups \[[@CR26]\]. Thus, differences in race and prior insulin status across studies may have influenced the observed findings for these outcomes.

Daily mean and individual 24-week 7-point SMBG results were similar between treatment arms of the current study, with the exception of the result for the premorning meal (FPG), which was significantly lower for IGlar. No FPG differences were observed at other visits during the study, and no differences in fasting glucose variability or differential treatment effects on FPG across demographic subgroups were observed at 24 weeks. Thus, considering the totality of results, the 24-week FPG difference was not expected to be clinically relevant. No endpoint FPG treatment differences were found in ELEMENT 2, but significantly lower SMBG for LY IGlar at the midday premeal time point (*P *\< 0.05) was reported \[[@CR26]\].

Safety profiles at 24 weeks were also generally similar between treatments, as reported in earlier studies \[[@CR24], [@CR26]\], including incidence of AEs and incidence and rates of hypoglycemia. Likewise, similar immunogenicity profiles were demonstrated, as shown previously \[[@CR28]\], with no association between clinical outcomes and antibody levels. Weight increases, which are common with insulin therapy \[[@CR46]\], were also similar between treatments and were comparable to those of the earlier T2D study \[[@CR26]\].

There are a number of limitations to this study. The open-label design of the study could have influenced patient- or investigator-initiated actions. This design was necessitated by use of the distinctive pen devices, in which case blinding would have required a double-dummy design, imposing substantial injection burden on participants. Additionally, correlation of the differences in efficacy outcomes across the ELEMENT T2D trials with those for Asian versus non-Asian patients in related studies is limited by the mixed racial constitution of the trials. Moreover, the ELEMENT 5 study population included both East and South Asians, who have shown some distinctions in their respective pathogenesis of diabetes. Clinical studies comparing treatments in fully Asian populations will be important going forward to better characterize racial differences in insulin response and further assess optimal treatment regimens in these genetically distinct populations. Additionally, this report does not include analyses of treatment responses within racial subgroups. These are reported separately \[[@CR47], [@CR48]\].

Conclusions {#Sec17}
===========

In conclusion, results of the ELEMENT 5 study show that LY IGlar and IGlar, when administered QD with ≥ 2 OAMs, have similar efficacy and safety in a more racially diverse T2D population than previously studied, which included a sizeable Asian component. Inclusion of patients on other basal insulin background therapies further diversified patient representation. These findings provide additional support for the efficacy, safety, and tolerability of QD LY IGlar in patients with T2D. Ongoing assessment of the effectiveness and prolonged safety of newly developed biosimilar/follow-on insulins, such as LY IGlar, in clinical practice will be important as these agents gain more widespread use.
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